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Abstract 
A clinical evaluation was made comparing the amount of corneal 
edema indicated by pachometric changes in corneal thickness \<lith 
the wearing of two rigid gas permeable lenses, Optacryl K and 
Paraperm o2 . Each of the nine subjects selected wore an Optacryl 
K lens on one eye and a Paraperm o2 lens on the other . This study 
encompassed a one-month period following the dispensing of the 
lenses. 
The average corneal thickness increase of the Paraperm o2 
eyes was slightly less than that of the Optacryl K eyes in all 
t hree trials. However, the difference in corneal thickness changes 
was not found to be clinically significant. It was concluded that 
both lenses perform equally well in their abilities to limit the 
amount of corneal edema produced. 
-iv-
Introduction 
Historically, corneal edema has been recognized as the major 
problem in wearing rigid contact lenses, particularly with PMMA 
(polymethyl methacrylate). With the advent of gas permeable 
lenses and the thinner lens designs, oxygen 1s made available to 
the cornea by two routes: diffusion through the lens and the 
tear pump during blinking. As a result, corneal edema and its 
associated subjective symptoms have been less frequently reported. 
The minimal oxygen requirement for the cornea to maintain its 
integrity is approximately one-tenth of the oxygen 1n the atmos-
3 4 phere. ' The normal percentage of oxygen 1n the atmosphere is 
approximately 21 percent of a partial pressure of 255mm Hg. Based 
on various research studying oxygen tension, approximately 1.5 to 
2.5 percent (12 to 20mm Hg) oxygen is needed to prevent observable 
4 
edema changes through the slit lamp; 3.5 percent (27mm Hg) to 
5 prevent significant pachometric changes; 5 percent (40nnn Hg) to 
6 prevent histologically observable changes; and 7 to 8 percent 
7 (55 to 60mm Hg) is needed for long term extended wear lenses. 
The 3.5 percent oxygen level based on pachometric findings is 
considerably less than the 7 percent available to the cornea during 
sleep. When a gas impermeable hard contact lens is placed on the 
eye, oxygen must be supplied by the tear pumping action of the lens 
during blinking. Mandell estimates that a lens providing a tear 
pump source of oxygen does not produce more than a ,2.5 percent 
2 
oxygen level. A significant proportion of PMMA patients, esti..,. 
mated between 25 to 75 percent of the contact lens wearing 
-1-
2 
2 population show some clinical signs of edema. It appears that 
the tear pump in itself cannot meet the metabolic needs of the 
7 human cornea. Therefore, even a small increase in oxygen trans-. 
mission by a contact lens material will be of help in preventing 
edema in many contact lens wearers. 
Oxygen transmissibility refers to the ability of a gas per-
rneable material to pass oxygen through to the cornea. Oxygen 
transmissibility is defined as DK/L, where D = diffusivity, 
3 8 K = solubility, and L = thickness of the lens. ' The product 
of the diffusivity and solubility equals the permeability of the 
. 1 8 mater1.a . Oxygen permeability is an intrinsic property of the 
material and is not dependent upon the thickness. However, for 
a particular l~ns material, its transmissibility is indirectly propor-
tional to its thickness. A thin lens of one material will always 
pass more oxygen than a thicker lens of the same material. 9 
Therefore, to increase transmissibility, the permeability of the 
contact lens must be increased, or its thickness must be decreased. 
A great increase in oxygen tension under a hard lens can be achieved 
when there is only a small increase in gas permeability of the 
. 1 7 mater1.a . 
The method of oxygen transportation through gas permeable 
materials occur with a different mechanism for hard plastic con-
tact lens materials than for hydrogel materials. With hydrogel 
lenses, oxygen diffuses through the water molecules, therefore, 
the higher the water content the more gas pearmeable the lens. 
This is not so with hard plastics, where small amounts of water 
11 d b '1' 9 may actua y ecrease oxygen permea 1. 1.ty. Oxygen diffusion 
through the hard plastics depend primarily on their structure of 
3 
randomly int er laced macromolecules and the spaces between them. 
Small molecules, such as oxygen do not interact with the polymer 
molecules and move across the maze of polymer by jumping from 
space to space activated by their own kinetic energy. Transport 
of these small gas molecules are facilitated by factors such as 
temperature, interchain packing, flexibilityofthe macromolecules, 
d d . 9 an ens ~ty. 
The normal, intact cornea maintains its state of deturgescence 
to retain its transparency when provided an oxygen source. We can 
therefore expect changes in its physiology with the application of 
a contact lens which effectively acts as an oxygen barrier. Any 
upset in the oxygen metabolism of the cornea can alter its struc-
t ure; which has ramifications in its loss of tissue transparency, 
increased thickness, and increased curvature. The edema can be 
present in a full range of magnitude from a hypoxi c cornea with 
partial oxygen deprivation to an anoxic cornea. Most contact 
lenses whether hard or soft create at least some amount of corneal 
edema, even when ideally fitted. 10 
Since all beginning contact lens wearers exper~ence some amount 
of edema, Mandell and Polse have elaborated on an adaption model to 
explain and predict the physiological and biochemical changes occurring 
11 in the eye. There are two mechanisms responsible for the initial 
edema of a hard contact lens wearer: (1) oxygen deprivation and 
(2) changes in tear chemistry; of which the latter plays the major 
4 11 
role in the adaption process. ' Changes in the tonicity of 
the tear film are due to the stimulation by a "foreign body" in 
· the eye . This stimulates the lid margin receptors and causes an 
excess lacrimal flow resulting ~n a ne t osmolar shift of water into 
4 
1 . 11 the cornea stroma t1ssue. Normally tear osmolarity returns to 
initial value~ after an adaption process initiated by an eventual 
desensitization of the touch receptors along the lids. Most patients 
adapt after two to three weeks assuming a well designed lens. 11 If 
edema persists after 6 weeks, it is most likely due to one of the 
fol l owing: oxygen deprivation of a tight fitting lens, poor tear 
bl . 11 exchange, or low 1nk rates. 
The two co1nmon clinical methods used in practice for detecting 
corneal edema involves post-refraction and slit lamp observations 
of hard lens centra l corneal clouding (CCC). Although these are 
practical techniques to use, low grade edema may often be missed 
10 
· and go undetected. Miller and White suggest a relation between 
pachometric corneal thickness changes and slit lamp observations 
of edema: 
Grade I CCC = 4 to 5% thickness change 
Grade II CCC = 6% thickness change 
Grade III CCC 7% or greater thickness change 12 = 
There is no accounting of corneal thickness changes of less than 
percent by the slit lamp observations. Also these qualitative 
observations are usually graded on a relative basis according to 
the individual practitioner. Keratometry may indicate changes in 
corneal curvature related to corneal swelling. However, studies 
have found a low correlation between keratometer readings and the 
4 
curvature changes localized beyond its 3.05 mm mire diameter. This 
results in curvature changes that are unreliable quantitative esti-
mates of corneal edema. 13 Mandell and Folse have proposed using 
the corneal thickness changes induced by a hard contact lens as an 
index for proper fitting and maintaining normal physiology. 11 
5 
Corneal pachometry 1s the prime indicator for levels of significant 
. 10 12 
edema representing thickness changes of less than 6 percent. ' 
The Dicon Digital Pachometer Model II RK consists of a display 
of fixation lights, an optical doubling device, an optical trans-
ducer, .and a microcomputer analyzer. In a study by Binder, Kohler, 
and Rorabaugh; absolute readings with a standard pachometer were 
significantly thinner than those readings with an electronic pacho-
11+ meter. However, the accuracy of measurement by the same observer 
using both types of instruments was equivalent. The Dicon electronic 
pachometer has a distinct advantage over the previous Haag-Streit 
model in that it easily measures peripheral as well as central cor-
neal thicknesses. Also, the microcomputer and printout systems 
simplify recording for the clinician. Measurements are taken by 
aligning the epithelium and endothelium of the optically doubled 
parallelpiped. The electronic pachometry values measuring the 
mean thickness of the human central cornea have ranged from 0.49 
+ 1 14 5 6 + 0 04 15 . h . . 'f' mm - 0.0 5 S.D. to 0. 0 mm- . S.D. w1t 1ns1gn1 1cant 
differences 1n absolute corneal thickness measurements between 
14 the right and left eye. The Dicon manufacturer reports a stan-
. . + 
dard thickness error of - 0.5 percent in their pachometry measure-
ments. The major source of measurement error in pachometry results 
from the examiner's critical endpoint alignment of the. parallel-
. d 14 p1pe . 
For generations, PMMA has remained as the most widely used 
rigid lens material of choice for the contact lens practitioner. 
PMMA lenses have several desirable properties such ·as high 
bility, accurate reproduciblity and a low wetting 4 angle. 
sta-
It is 
also the least expensive of rigid lenses and available in many 
designs such as: aphakic lenticular, bifocal and toric contact 
lenses. Despite the tear pump as a source of oxygen, the major 
disadvantage of the material is its lack of oxygen permeability 
h . h 1 "h . 1 . 1 1 . h . 16 w 1c resu ts 1n p ys1o og1ca a terat1ons to t e cornea . . The 
induced edema may present itself clinically 1n the form of 
increased corneal thickness, CCC, decreased corneal sensitivity, 
spectacle blur, and corneal curvature changes. PMMA wearers may 
be unaware of any physiological compromise from inadequate oxygen 
supply, especially those which occur over an extended period of 
. 17 t1me. 
The 100 percent silicone resin lens, such as Silcon made 
by Dow Corning Corporation, has the highest oxygen permeability 
than any currently available rigid lens. 18 They are extremely 
flexible, absorb minimal amounts of water, and are relatively 
stable when exposed to changes in temperature. While the sili-
cone lens is the most oxygen permeable, it is unfortunately the 
most hydrophobic material with a wetting angle of grea t er than 
4 90 degrees. The Dow Corning manufacturers have partially over-
come this problem with a process which forms hydroxyl groups on 
the surface. This ionic skin is not a true coating, but rather 
a chemical change of the outermost silicone polymers to increase. 
its affinity to water. In-office modification is therefore not 
19 possible unless the lenses can be resurfaced by the laboratory. 
P~ll1A can be copolymerized with many other monomers to form 
polymers with different characteristic properties. 3 Polycon, 
which is made by Syntex Opthalmics, is one such copolymer of PMMA 
d '1" 16 an s1 1cone. The combination of these materials has created 
6 
7 
a material having t~ property of being gas permeable. It is reported 
to transmit about half of the oxygen required by the corneal epi-
thelium, the balance of which 1s carried by the tear pumping 
mechanism. Edema was observed to produce a 2 to 5 percent corneal 
thickness swelling. 20 • 21 A clinical study found that 'after a 
few hours of wear, the increase in central corneal thickness was 
22 0.4 percent . There is a significant amount of subclinical edema 
that is fel t to be present, but this is too small to be detected 
by biomicroscopy. All Polycon lenses are made with thicknesses 
normally used when manufacturing an ultrathin P~IMA, this design 
usually causes flexure, especially when their thicknesses are 
less than 0 . 12 mm. However, when the Polycon is made with a 
center thickness equal to a PMMA lens they are equivalent in dimen-
. 1 b '1. 22 siona sta 1 1ty. Major problems with the Polycon I are poor 
wettability of its surfaces, and warpage during care and handling. 
Due to its inadequate wetting, some patients notice dry eye symp-
toms and mild conjunctival injection which reduces the daily 
. . 21 \vear1ng t1me. 
It appears that the trend 1n contact lens technology is formu-
lating a plastic polymer which completely satisfies the needed 3 
percent oxygen level by the average cornea. There seems to be a 
continuum of contact lens materials; from the oxygen impermeable 
· P~lliA which relies on tear pumping action to the silicone resin 
which is an extremely high oxygen permeable material. However, 
the distinct advantage PMMA maintains over all three gas permeable 
lenses which cannot be discounted or ignored is its multitude of 
available lens designs: front torics, bitorics, prism ballast, 
multifocals, and aspheric base curves. It is important for the 
8 
contact lens practitioner to design th~ best lens for his particular 
patient by ordering specific overall diameters, optic zone diameters, 
base curves, peripheral curves, and central thicknesses. Polycon 
wearers often have mechanical dessication and staining that may 
extend from the limbus to the lens edge which is often a result of 
the limited parameters offered by its manufacturer (three basic 
d . d . ) 21 1ameter es1gns . Therefore, it is important that a gas per-
meable lens have the advantage of an unlimited number of lens 
designs which will qualify its use for many patients. 
Two hard gas permeable materials are currently under long range 
study before final FDA approval for marketing. Paragon Optical, 
Inc. has recently introduced its Paraperm 0 2 lens and Optacryl, 
Inc. has also been manufacturing the Optacryl K lens (See Table I). 
Both of the new materials are PMMA/silicone acrylates 
like the Polycon polymer. The Paragon Optical and Optacryl com-
panies both state that they have improved the oxygen permeability 
and wettability over the popular gas permeable Polycon I lens. 
Both Optacryl K and Paraperm o2 can be fit, ordered in practitioner-
specified parameters, and modified like PMMA lenses. 
Methodology 
Nine subjects were selected from a group of .volunteers who 
desired to participate in a hard contact lens study for six months. 
However due to the unavailability of the electronic pachometer, this 
study was tailored to one month to provide information relevant to 
short term corneal changes with lens wear. The usual screening 
for successful hard contact lens candidates were completed before 
fitting the lenses. This included: case history, keratometry, 
biomicroscopy, opthalmoscopy, and distance refraction findings. 
The criteria for subject selection was based upon: 
1. Absence of ocular pathology. 
2. Availability for six months of study. 
3. No previous history of hard contact ·lens wear. 
4. Myopia of no more than 8.00 diopters. 
5. Corneal astigmatism no greater than 2.50 diopters. 
6. Best corrected visual acuity of 20/30 or better. 
All subjects selected fulfilled the criteria, however an 
exception was made of a previous contact lens wearer who had not 
worn lenses for seven months prior to fitting (See Table II and 
III). The Paraperm o2 lenses were supplied by a local Portland 
distributor~ Opticon, Inc. and manufactured by Paragon Optical, 
9 
Inc., Mesa, Arizona. The Optacryl K lenses were supplied and manu-
factured by Optacryl, Inc., Denver, Colorado. Initial examinations 
included all routine clinical tests and baseline pachometry readings 
taken before lenses were placed on the eyes. The pachometry readings 
and examinations of patients were herein taken in the afternoon 
for the remainder of the study. Afternoon readings provided a 
control for diurnal variations in corneal thickness. 
The patients were randomly assigned a Paraperm o2 lens on one 
eye with the Optacryl K lens being fit on the opposite eye. The 
advantage of the contralateral eye experimental design was that 
direct comparison was made while controlling the wearing time, 
environmental conditions, tear film chemistry, lens handling and 
care. Equal adaptation time between both eyes was expected since 
lens fit were kept as constant as possible for both Optacryl K and 
Paraperm o2. 
10 
All contact lenses were fit by evaluating fluorescein patterns 
and ordered like PMMA, in examiner-determined parameters. In choosing 
those lens parameters, we hoped to maximize tear pumping action and 
lens movement without sacrificing optical performance. The Optacryl 
K and Paraperm lenses were fit with an average base curve .75 diop-
ter steeper than the flattest K. The average base curve selected 
was 7.57 mm ± 0.31 S.D. and the average lens diameter chosen was 
8.33 mm ± 0.25 S.D. (See Table IV). Lens thicknesses were equalized 
between the two eyes whenever power differences permitted. The 
average center thickness of Optacryl K lenses studied were 0.14 
+ + mm- 0.011 S.D. and Paraperm 0.13 mm 0.02 S.D. (See Table IV). 
Both lenses upon receipt from the laboratory were verified and 
dispensed after at least 24 hours of hydration. Lens base curves 
were checked periodically and any changes were recorded (See 
Table IV). Careful oral and written instructions were given regard-
~ng proper care and handling of the lenses (See Appendix I). Aller-
gan LiquifilmR hard contact lens wetting and soaking solutions 
were used ~n conjunction with LobobR hard lens cleaner by all 
patients. Subjects were given a wearing schedule of two hours 
the first day and an addition of one hour each subsequent day, 
until a maximum ten to twelve hours of daily wear was attained. 
Post-dispensing examinations were to be ideally conducted at: 
4 hours on the third day (Trial 1), at 8 hours after one week 
(Trial 2), at 8 hours after three weeks (Trial 3) of wear. Due 
to circumstances beyond experimental feasibility, examinations 
following this precise time schedule was not always possible. 
Patients in that case maintained the daily wear schedule until 
pachometry measures were taken. The instructed follow-up schedule 
11 
was then continued by each patient. All progress evaluations con-
sisted of: the case history, visual acuity with lenses, over-
refraction, biomicroscopy with lenses, pachometry immediately after 
lens removal, biomicroscopy with fluorescein, post-refraction, and 
post-keratometry readings. During biomicroscopic examination after 
lens removal, evidence of edema was evaluated using: sclerotic 
scatter technique (in and out-of instrument), retroillumination, 
and direct illumination. Classification was based on a scale of 
0 to 8, where grade 0 = none and grade 8 = generalized stromal 
edema (See Appendix II). Quantification of all biomicroscopic 
observations used in this study regarding edema, vascularization , 
straining, injection, or other complications were noted by the examiner. 
Any needed contact lens modifications were typically completed 
after the four hour progre~s evaluation. 
Corneal thickness changes between the two eyes were measured 
and documented using the Diagnostic Concepts electronic digital 
pachometer immediately after lens removal. Prefitting and on-going 
study measures were taken by the same examiner during the one month 
period. On each eye, r eadings were taken from the central cornea 
and five degrees super i orly, inferiorly, nasally, and temporally 
from the central position. A set of five readings were taken 
from each position and recorded by the microcomputer as a mean 
value, standard deviation, and range of the five readings. The 
corneal thickness was then averaged for each subject during Trials 
1, 2, and 3. The intent of this was to simplify the statistical 
analysis rather than represent actual measured corneal thicknesses 
of each eye. 
12 
Results 
At each Trial, the pachometry measurements were averaged for 
each subject at the five measured positions which included the 
central, nasal, temporal, superior and inferior cornea. The 
results are expressed as an averaged value of these five positions, 
and therefore should not be interpreted as a single measure of an 
actual corneal thickness. The percentage change in corneal thick-
ness from the pre-dispensing baseline pachometric readings are also 
shown in Tables V and VI for Optacryl K and Paraperm o2 lenses 
respectively. The sign convention adopted for the direction of 
change in corneal thickness was that a plus sign represented an 
increase in thickness from the baseline value and the minus sign 
represented a decrease in thickness from the baseline value. 
The mean change in corneal thickness in Trial 1 for the Opta-
cryl K group was +0.86% ± 3.90 S.D. and for the Paraperm o2,group 
was +0.74% ± 4.95 S.D. For Trial 2, the mean change in corneal 
thickriess for the Optacryl K group was -0.13% ± 2.97 S.D. and for 
the Paraperm o2 group was -1.14% 1 2.00 S.D. During Trial 3, 
the mean changes in corneal thickness for the Optacryl K group 
was 2.22% ± 3.07 and +1.74% 1 0.95 for the Paraperm o2 group. 
A single factor of analysis of variance for repeated measures 
(one-way) was used to determine the significance of these differ-
ences in corneal thickness between Optacryl K and Paraperm 02 for 
each of the three trials, when percent corneal thickness changes 
were subjected to a test of difference of means for correlated 
groups. No significance (F>0 . 05, n = 9) was shown in all three 
trials (See Figure 1, 2, and 3). The actual F values obtained 
are indicated in Table VII. Tables IV and V also included the 
13 
average standard deviations to indicate the variability and accuracy 
of the pachometer and examiner. In addition, an average percent 
standard error was calculated for all baseline data which equaled 
0.26 percent. A random sample of standard deviations of 90 pacho-
metry measurements taken from Tria ls 1, 2, and 3 for all n1ne 
patients were selected to calculate the estimated percent standard 
error of 0.27 percent. Both errors are statistically low and the 
random error in baseline and postwear trial readings is considered 
equivalent. 
The observed evidence of CCC through slit lamp examination 
revealed no evidence of edema present during any of the follow-up 
examinations for Trials 1, 2, or 3. We were unable to correlate 
the absence of CCC relative to the incidences of pachometric cor-
neal thickness changes greater than 5 percent. Baseline, post-
wear, and keratometric changes are shown in Tables VIII, IX, X, 
and XI. The average keratometric change for all nine subjects 
at the postwear examination was no greater than 0.50 diopter. 
This data was included for clinical interest; however it will not 
be st~tistically analyzed or discussed within the context of this 
paper regarding corneal edema. 
Discussion 
In this clinical study, an attempt was made to compare the 
amount of corneal edema indicated by pachometric changes in corneal 
thicknesses with the wearing of two rigid permeable lenses, 
Optacryl K and Paraperm o2 . The average thickness increas e of the 
Paraperm o2 eyes was slightly less than that of the Optacryl K eyes 
for all three trials. However in each trial, the corneal thickness 
changes were not found to be statistically significant. 
A direct comparison of the two lens types can be made when 
using the contralateral experimental design since it controls the 
effects of various patients' ocular health, lid structure and 
tension, blink patterns, tear film chemistry, environmental con-
ditions , wearing time, lens handling and care. Particular atten-
tion was made towards equalizing the amount of apical clearance, 
lens movement, lens diameters, and center thicknesses between the 
two eyes. Therefore with all other factors remaining relatively 
equivalent between the two gas permeable lenses; we are left to 
determine whether the corneal thickness changes between the two 
lenses can be attributed solely to their characteristic permea-
bility (DK) values. The Optacryl K lens has a DK = 23.0 x 10 -ll 
and the Paraperm o2 lens has a DK = 12.2 
X 10-ll. Although the 
permeability (DK) value of Optacryl K is twice the permeability 
value of Paraperm o2 ; we did not find a statistically significant 
difference in preventing pachometric corneal thickness increases 
between the two lenses. 
This study encompassed a one month period which falls well 
within the adaption period of rigid lens wearers. This adaption 
period has been similarly documented and researched in PMMA 
11 
wearers. The corneal swelling during the first few weeks of 
14 
lens wear LS a physiological process thought to occur in the cornea 
as it allows for toleration of the contact lens. The binocular 
tearing reflex as an adaptive process would therefore contribute 
to the statistically equal increases found in corneal thickness 
between the Paraperm o2 and Optacryl K if both provide sufficient 
oxygen to the cornea. 
Given the results of this study and the above information 
about oxygen permeability, it is the op1n1on of the authors that 
both lenses perform equally well 1n their abilities to limit the 
amount of corneal edema produced by a rigid lens. Both lenses 
are valuable in that they allow the freedom of lens design to the 
optometrist who can consider the needs of each patient indivi-
dually. This investigation suggests further study of these two 
lenses on their wettability characteristics; their effect on 
edema-prone lens wearers; their stability characteristics; and 
the long term effects on the cornea . 
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Figur e 1 
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Figure 2 
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Figure 3 
-1 0 1 2 3 4 5 6 
%ACT (percentage change 1n corneal 
thickness) with Optacryl K 
Trial 3 (8 hours) 
Table I 
Comparison of the Physical Properties of Different 
index of 
refraction 
DK 
wetting 
angle 
Gas Permeable Contact Lenses 
PMMA Polycon I Paraperm o2 Optacryl K 
1.49 1.49 1.49 1.4666 
0 3.9 X 10 -ll 12.2 X 10-ll 23 .0 X 10 -ll 
22° 30.4° 23.1° 
Table II 
Subject Characteristics 
Sex 
Males 
Females 
Age mean (years) 
S.D. 
Range 
Previous lens wear 
4 
5 
30° 
6.55 
15-32 
*did not wear lenses for 7 months before 
this study 
19 
Polycon II 
1.49 
12.0 X 10 -ll 
15° 
20 
Table III 
Refractive Error 
Wearing Optacryl K Wearing Paraperm o2 
-- -
Spherical Mean -2.75 -2.33 
S.D. 2.69 2.22 
Range +0.50 to ..:.8.00 +0.50 to -7.25 
Cylindrical Mean -0.75 -0.69 
S.D. 0.81 0.75 
Range . plano to -2.25 plano to -2.00 
Optacryl K 
Subject 
Initial BC Final BC .hBC CT* 
1. J .s. 7. 92 7.22 ; 0 .13 
2. K.E. 7.76 7.74 +.02 .15 
3. C. P. 7.76 7.70 +.06 .15 
4. M.T. 7.07 7.06 +.01 .15 
5. T.E. 7. 71 NA NA .12 
6. J.F. 7.62 7.61 +.01 .14 
7. C.B. 8.04 7.99 +.50 .14 
8. T.W. 7.73 7.70 +.03 .15 
9. J.W. 7.35 7.38 -.03 .13 
I 
Mean 7.58 7.55 .018 .14 
S.D . 0.31 0.32 0.028 O.Oll 
Range 7 . 07 7 . 06 -.03 .12 
to to to t o 
8.04 7.09 +.03 .15 
* CT = Center Thickness 
. 
Table IV 
CL Parameters 
Power OAD Ini t ial .BC Final BC 
-3.50 8.0 7.20 7.20 
-2.25 8.4 7.80 7.80 
-1.87 8.4 7.54 7.53 
-1.37 8.1 7.05 7.04 
-4.00 8.2 7. 71 NA 
-2 .7 5 8.7 7.56 7.56 
-2.25 8 . 2 7.99 7.99 
-1.25 8.2 7.83 7. 76 
-9.00 8 . 7 I 7.38 7.35 
~ -
-
-3.13 8. 32 7.56 7. 53 
2.38 0.25 0.31 0.32 
-1.25 8 .0 7.05 7.04 
to to to to 
-9 . 00 8.7 7 .99 7.99 
Paraperm o2 
6 BC CT* 
I 0 .13 
0 .15 
+.01 .15 
+.01 .14 
NA . 12 
0 .10 
0 .14 
+.07 . 15 
+0 .3 .10 
. -
.01 5 .13 
0.02 0.02 
0 .10 
to to 
.07 . 15 
Power 
-3.75 
-1 . 00 
-2 .75 
-1.25 
- 4 .00 
-6. 75 
-2 .25 
-1.00 
-8 .00 
-3.41 
2.52 
-1.00 
to 
-8.00 
OAD 
8.0 
8. 4 
8.4 
8.1 
8.2 
8.7 
8.2 
8.3 
8.7 
8. 33 
0 . 25 
8.0 
to 
8.7 
I 
N 
...... 
I 
~ 
Table V 
Optacryl K 
Trial 1 (4 hours) Trial 2 (8 hours) Trial 3 (8 hours) 
Subject Mean 
Baseline Average Mean %A Corneal Mean %6. Corneal Mean %6 Corneal 
Corneal Baseline Corneal 1 Thickness** Corneal Thickness** Corneal Thickness** 
Thickness* S.D. Thickness* from Thickness* from Thickness* from 
(mm) (mm) Baseline (mm) Baseline (mm) Baseline 
I 
1. J .s . 0.538 .005 0.526 +0.08 0 .543 +2.84 0.550 +4 . 15 
2. K.E. 0.375 .007 0.565 -2.23 0.509 -3.32 0.560 -3.22 
3. C.P. 0.556 .006 0.611 +8. 72 0.618 +11.19 NA NA 
4. M.T. 1 0.640 .007 0.626 -1.81 0.651 +1. 67 NA NA 
5 . T.E. 0.623 .007 0.619 -0.46 0.623 +2.82 0.614 -0.54 
6 . J .F . 0.516 .006 0.502 -2.65 0.513 -0.45 0.521 +1.00 
' -
7. C.B. 0.552 .005 0.545 -1.73 0.550 -0.29 0.544 -1.29 
8. T.W. 0.568 .007 0.667 +2.52 0.551 -1.23 0.547 -3.82 
9. J.W. 0.649 .010 0.684 +5.34 0.688 +6.13 0.657 +2.18 
-~ 
* The corneal thicknesses should not be interpreted as actual values of thicknesses, but rather as 
a mathematical average of the five corneal positions monitored. 
-:(* Sign convention used was ( +) = increase and (-) = decrease. 
' 
N 
N 
I 
Table VI 
Paraperm 02 
-
Trial 1 (4 hours) Trial 2 (8 hours) Trial 3 (8 hours) 
Subject Mean 
Baseline Average Mean %A Corneal Mean %.6. Corneal Mean %A Corneal 
Corneal Baseline Corneal Thickness** Corneal Thickness** Corneal Thickness** 
Thickness* S.D. Thickness* from Thickness'i< from Thickness* from 
(mm) (mm) Baseline (mm) Baseline (mm) Baseline 
1. J. s. 0.525 .005 0.523 +0.08 0.524 +0.05 0.526 +0.42 
2. K.E. 0.595 .006 0.567 -4.65 0.555 -6.64 0. 565 -4.95 
3. C.P. 0.572 .007 0.639 +12.20 0.635 +11.16 NA NA 
4. M.T. 0.621 .007 0.616 +1.15 0.661 +6.45 NA NA 
5. T.E. 0.611 . 008 0.611 +0.96 0.601 -0.78 0.600 -0.93 
6. J .F. 0.541 .004 0.511 -4.22 0.526 -1.33 0.539 +0.93 
7. C.B. 0.542 .007 0.531 -1.85 0.535 -0.91 0.533 -1.29 
8 . T.W. 0.572 .005 0.575 +0.32 0.572 -0.30 0.556 +0.05 
9. J.W. 0.641 .007 0.667 +2.70 0.673 +3.66 0.635 -2.24 
-
~ - ----~ -~ - - - - ~ 
*The corneal thicknesses should not be interpreted as actual values of thickness, but rather as a 
mathematical average of the five corneal positions monitored. 
** Sign convention used was (+) = increase and (-) = decrease. 
I 
I 
N 
w 
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Table VII 
Statistical Value of the F Distribution 
n = 9 
Number of Trials dfl df2 level of actual F-value 
significance 
Trial 1 (4 hours) 1 8 F) .05 2.46174 X 10-Z 
Trial 2 (8 hours) 1 8 F ) .05 1.02099 
Trial 3 (8 hours) 1 6 F ) .05 0. 786929 
25 
Table VIII 
Baseline of Keratometry Measurements 
Baseline Optacryl K Paraperm o2 
Mean of K Flat 43.84 43.80 
S.D. 1.86 1.77 
Range 41. 25- 47.12 41. 50 - 47.0 
Mean of K steep 44.89 44 . 52 
S.D. 1.88 1. 59 
Range 42.62 - 48.25 42 .37 - 47.50 
Mean of K 0.98 0. 72 
S. D. 1.00 0 . 66 
Range 0 - 2.87 0 - 2.00 
Table IX 
Post-Wear Keratometry Measurements 
Post-Keratometry Optacryl K Para perm 02 
Mean of K flat 43.80 43.90 
S.D. 1.77 1.63 
Range 41.50 - 47 .o 42.0- 47.0 
' 
Hean of K steep 44.52 44.51 
S.D . 1. 59 1.52 
Range 42.37- 47.50 42.50- 47.50 II 
: 
Hean of K 0. 72 0.61 
S.D. 0.66 0 . 58 I 
Range 0 - 2.00 0.12 - 1. 25 
IF of Name Subj K Ste 
1 J.S . 47.00 
2 K.E. 43.75 
3 C.P. 43.62 
4 M.T. 48.25 
5 T.E. 43.00 
6 J.F. 45.0 
7 C.B. 42.62 
8 T.W. 44.75 
9 J.W. 45.00 
Mean 44.89 
S.D. 1.88 
Table X 
Baseline and Post-Keratometry Measurements by Subjects 
Optacryl K Paraperm Oz 
Baseline Post 'K' Baseline Post 'K' 
K Fla 6,K K Ste K Fla b,K K Ste K Fla L\K K Ste K Fla 
46 . 12 0.87 46.25 46.0 0.25 46.62 45.62 1.00 46.0 45.87 
43.62 0.12 43.75 43.5 0.25 43.37 43.25 0.12 43.5 43 . 25 
43.75 0.12 43 . 75 43.25 0.,50 43.87 44.50 0. 75 44. 0 43.75 
47.12 1.12 47.50 47.0 0.50 47 . 75 47.37 0.62 47.5 47.0 
43.0 0 43.12 42.87 0.25 43.12 43.0 0.12 43.25 43.0 
42.87 2.12 45.12 43.50 1. 62 45.87 43 .5 2.37 45 43.75 
41.25 1.37 42 .37 41.50 0.87 41.62 41.62 0 42.5 42.0 
41.87 2.87 44 . 12 42 . 12 2.00 44.25 41.87 2.37 44.12 42.25 
44.75 0.25 44.75 44.50 0.25 45.0 45.0 0 44.75 44.25 
43.84 0.98 44.52 43.80 0.72 44.60 43 .96 0.81 44.51 43.9 . 
1.86 1. 00 1. 59 1.77 0.66 1. 90 1.82 0.94 1. 52 1. 63 
~-- --~- ---- ~-~-- -~- -----~ ~--~---- -------
AK 
0.12 
0.25 
0.25 
0.50 
0.25 
1. 25 
0.50 
1.87 
0.50 
0.61 
0.57 
'---
I 
...., 
"' 
Table XI 
Post-Wear Keratometry Changes 
Optacryl K Paraperm 02 
Subject Change in Change in Change in Change in Change in 
K Steep K Flat b. K K Steep K Flat 
from Baseline from Baseline from Baseline from Baseline from Baseline 
1. J .s. -0.75 -0.12 -0.62 -0.62 +0.12 
2. K.E. 0 - 0.12 +0.12 -0.12 0 
3. C.P. +0.12 -0.50 +0.37 -0.12 -0.75 
4. M.T. -0.75 -0.12 -0.62 +0.50 -0.37 
5. T.E. +0.12 -0.12 +0.25 +0 .12 0 
6. J.F. -0.50 0 -0.50 -0 .87 +1.00 
7. C. B. -0.37 +0 . 25 -0.50 +0.87 +0.37 
8. T.W. -0 . 62 +0. 25 -0.87 -0.12 +0.37 
9 . J.W. -0.25 -0.25 0 -0.25 -0.75 
Mean -0.33 -0.81 -0.263 0.067 0.0011 
S.D. 0.35 0.23 0.45 0.527 0.564 
-- -
- - - - -- - -
- -- '-------
Sign convention: + = steeper than baseline = flatter than baseline 
Change in 
h. K 
from Baseline 
-0.87 
+0.12 
-0.50 
I 
-0.12 
+0.12 
-1.25 
+0.50 
-0.50 
-0.50 
-0.14 
0.63 
I 
I 
N 
..._, 
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CONTACT LENS CARE GUIDE 
AFTER THE PROPER FIT 
The key to successful wearing of contact lenses rests with 
you, the wearer. Since you have chosen to wear contacts instead 
of spectacles, you have to be willing to invest the time and effort 
for adapting and properly caring for them. From now on, it will 
take 5-10 minut.es more in the morning and evening to take care of 
the lenses. You will have little trouble with your lenses if you 
carefully follow these instructions. Re-read this guide to be sure 
you understand all portions and keep it as a hand reference . 
A WORD ABOUT GAS PERMEABLE HARD LENSES 
In order for your eye to stay healthy, it needs a steady supply 
of oxygen which it gets from the air carried by the tears. All 
hard contact lenses are rigid discs that float on the layer of 
tears that bathes the eye. This may form a barrier between the 
necessary oxygen and the tissues. Each time you blink, the tears 
flush behind the . lens to supply the cornea (clear part of the eye.) 
Gas permeable lenses are really a type of hard contact lens. But 
they allow some cxygen to actually pass through the lenses and 
therefore its advantage is reducing the risk of depriving your 
eye of metabolic requirements. 
ADAPT ION 
Since these are hard lenses they will require a longer adaption 
period than soft lenses, however most people have no problems after 
a few week$. Remember each person is an individual and while the 
AVERAGE adaption period is 2 weeks, some people may need several 
weeks before they can wear their lenses comfortably full-time. 
Initially the contacts may feel like a foreign body in your eye 
and expect your eyes to water for the first few days. 
INSERTION 
1. Before you start to handle the lenses, wash your hands 
thoroughly with a soap that is not oil based (e.g. Dove) other-
wise you will coat the lenses with the oils from your fingers. 
2. Place 1-2 drops of wetting solution on the lens and spread 
over both sides shaking off any excess solution from the lens. 
Before attempting to insert the lens, dry your fingers. 
3. Put the lens on the index finger of your dominant hand, 
concave side up (like a small bowl on your finger). 
4. Lean over the . countertop and using your 2nd finger of your 
free hand hold the upper eyelid near your lash~s. Using the middle 
finger of the dominant hand, hold the lower lid firmly. Look at 
an object in front of you, keeping both eyes open and steady. 
Bring the lens up to your eye. When the lens touches the front 
of your eye you will feel a "tickle" and the lens should center 
itself. It may help to look down before relea.sipg your upper and 
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lower lids. If you have moved your eye or brought the lens off 
center it will probably be on the white of your eye and must be 
centered on your cornea. See instructions for centering. If you 
should drop the lens be sure to rinse the lens with water, reapply 
wetting solution, and repeat insertion. 
REMOVAL 
The eyelids are used to dislodge and e j ect the lens. You 
should look straight ahead and then tilt your head downward toward 
the table top. Try to open your eye as wide as possible. (Pretend 
like your eyes are popping out of their sockets!} Your index 
finger is then placed on the outer corner of the eye. Now firmly 
pull tighter and tighter. Cover the eye with your free hand to 
catch the loosened lens. Blink. The lens will pop off into 
your hand. If the lens is not in your hand, gently check your 
lashes for th~ lens. 
If the lens did not pop out you are no·t opening your eye 
wide enough or pulling on the lids far enough. 
Clean the lens and return to its storage case. 
CENTERING A LENS 
If a contact lens slips off the cornea onto the white of the 
eye it can be easily returned to the center of the cornea. Locate 
the lens in the eye and gently move it in a circular path to just 
below the cornea. This should be done using gentle pressure through 
your closed eyelids to move the lens. When the lens is centered 
just below the cornea, look up and use your finger on the lower 
lid margin to float the lens up and on the cornea . 
Remember, always be gentle and always use movement through 
your eyelid to move the lens. Never put your finger directly on 
the lens when it is on your eye. 
DECENTERING THE LENS 
If you are unable to remove t he lens and you have a particle 
under the lens you may want to purposely decenter the lens. Pull 
the lower lid down and then, using the index finger of the right 
hand for the right eye, place the finger tip at the outer corner 
of the upper eyelid. Looking straight ahead, tighten the upper 
lid by firmly pulling back toward your ear, then slowly look up 
(keeping your head level}. The taut upper lid will move the lens 
off the cornea and onto the white of the eye. 
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CONTACT LENS CARE REGIMEN 
There are· 3 steps to caring for your contact lenses CLEANING, 
WETTING, and SOAKING. Use the proper solution for each procedure. 
Your optometrist may recommend other solutions for specific 
purposes. Always follow her instructions and do not use special 
solutions without checking with her first. It is generally not 
recommended to mix brands of solutions. 
Be sure all containers are tightly closed when not being 
used since there is danger of contamination. Never share solutions 
with another wearer and hold the container at least one inch from 
the lens when applying the solution. 
CLEANING (DAILY) 
The lenses should be cleaned as soon as they are removed. Use 
a Kleenex tissue or toilet paper (rather than your finger). Place 
one drop of cleaning solution on the tissue. Put the lens on the 
wet tissue and add a 2nd drop of cleaner on the lens. Gently move 
the lens between the tissue, rubbing both sides. · Rinse all cleaning 
solution off with cool water. Repeat if the lens is not clean and 
clear. 
SOAKING 
If the lens is not in your eye, it should always be SOAKING. 
Lenses which are used daily should not be stored dry because this 
will affect the lens curvature and its comfort while you wear 
them. Dry lenses absorb water. 
Place the cleaned lenses in a hard plastic case and add soak-
ing solution so that the lenses are completely immersed. Soak 
dry lenses 12 hours before wearing them. The soaking solution 
should be changed daily . 
WETTING 
See INSERTION instructions for wetting the lens. 
DEEP CLEANING (WEEKLY) 
Gas Permeable lenses require a deep cleaning step that should 
be done every week to remove the hard protein deposits that collect 
on the lens, but are invisible to the naked eye. This will prolong 
the life of these lenses and keep the lens comfortable for wearing. 
We will use an ENZYMATIC CLEANER commonly used by soft lens 
wearers. It is also safe to use with gas permeable hard lenses. 
The only difference is that you will not need to use the soft lens 
saline solutions. You will need the distilled water to dissolve 
the . enzyme tablets. Most manufacturers reco~~end 6-12 hours of 
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soaking and this is most conveniently done overnight . In the 
morning, rinse the lenses thoroughly with tap water and insert as 
usual. Pour out all the remaining enzymatic solution. 
For exact instructions see each manufacturer's directions. 
THINGS I NEED FOR WEARING AND GENERAL CARE OF MY NEW LENSES 
1. Cleaning solution (daily use) 
2. Wetting solution 
3. Soaking solution 
4. Enzyme cleaning system (weekly use) 
5. Plastic storage case 
6. Distilled water for enzyme cleaner 
7. Kleenex or tissues 
WEARING SCHEDULE 
With rigid contact lenses it is important to build up your 
daily wearing schedule GRADUALLY. Although we are all anxious 
to wear our new lenses, the initial schedule given to you is the 
maximum number of hours to wear your lenses each day. If you 
cannot wear the lenses for the entire time, remember it is only 
a maximum. Also if you skip a day, drop back to 4 hours the next 
day and build your time again. 
Example: Mon. 6 Tues. 8 Wed. 0 Thurs. 4 Fri. 6 
Steady and consistent wearing time is important with hard contact 
lenses. 
For all check up exams be sure you wear the lenses the 
maximum number of hours you are able to build up to. This way 
the optometrist can see how the lenses actually peform at the 
end of the day. 
1st 2nd 
week 1 
2 
3rd 
day 
4th 5th 6th 7th 
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GENERAL RULES 
1. Be sure insertion and removal of contact lenses are done 
over a counter top or STOPPED UP sink (the #1 place to lose a 
contact lens!). 
2. Insertion and removal should only take a few minutes--
once you learn. There should be no adverse sensations if it is 
done correctly. 
3. Never touch the sterile tip of a solution bottle. 
4. COOL tap water may be used only, otherwise the lenses 
will warp. Tap water is used for hard lenses, except for the 
deep enzyme cleaners that need distilled water each week. 
5. Never substitute water, saliva, or any non-contact lens 
product for the recommended solutions used to clean, soak, or wet 
your lenses. This means no contact lenses in your mouth. 
6. Your contact lenses easily SCRA.TCH. So carefully take 
your lenses out of the storage case being sure not to roughly rub 
them along the side of the plastic case. The same rule applies 
to losing lenses in the sink. Scratches do not always polish out. 
7. Proper blinking is necessary for comfortable wear of your 
lenses. Practice fully closing and opening your lids while wearing 
the contacts. Eventually it will become an unconscious action. 
8. Do not abandon your glasses all together. Wear them at 
night to give your eyes a rest. There are times when you do not 
want to wear your contact lenses and should have an ' alternative 
correction. If you know you have scratched your cornea (you will 
feel the pain!) remove the contacts for a day and if you feel it 
is serious see your practitioner. 
9. Keep the storage case clean. Everyday the old solutions 
should be removed and start with fresh soaking solution which 
inhibits bacterial growth. Once a week wash the case with soap 
and hot water. 
10. If a lens moves off center and "sticks" to the white 
of your eye, do not panic. Do not try to remove it by force, 
RELAX and leave it alone for about 5 minutes. Then try recentering 
the lens and use the removal technique. 
11. Do not hesitate to ask any questions or ever hesitate 
to have instructions repeated to you so you can understand them. 
Call us if any questions or emergencies arise: 
Lydia Lem 357-3027 
Melanie Nak~shima 359-4129 
Pornphen Pracharktum 359-4604 
EDEMA 
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Appendix II 
QUANTIFICATION OF SLIT LAMP OBSERVATIONS 
A. None 
B. Micro edema--intercellular accumulation 
of fluid which 1.s limited by the use of 
the slit lamp . 
1. Sl ight amounts in the epithelium, 
seen only by retroi llumination. 
a. Localized--over less than 50% 
of the cornea. 
b. Generalized--over more than 
SO% of the cornea. 
2. Moderate amounts in the epithe-
lium, seen by dir ect illumination. 
a. Localized--over less than 50% 
of the cornea. 
b. Generalized--over more than 
50% of the cornea. 
C. Gross edema--intracellular cystic 
accumulation of fluid, viewed by the 
naked eye using oblique flashlight 
illumination. 
1. Slight case, without any stromal 
involvement. 
a. Circumscribed--over less than 
50% of the cornea. 
b. Generalized--ore more than SO% 
of the cornea. 
2. Severe case, with stromal involve-
ment. 
a. Circumscribed--over less than 
50% of the cornea. 
b. Generalized--over more than 50% 
of the cornea. 
Classification 
No. 
0 
1 
2 
3 
4 
5 
6 
7 
8 
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